PCR diagnostics detected 100% prevalence of Helicobacter in 425 wild house mice (Mus musculus) from across central Europe. Of seven species identified, the five most frequent were Helicobacter rodentium (78%), H. typhlonius (53%), H. hepaticus (41%), H. bilis (30%), and H. muridarum (1%). Double infections were more common (42%) than single (30%) and triple (21%) infections. Wild house mice could be considered potential reservoirs of Helicobacter strains for both humans and other vertebrates.
absent in that study (12) . A lower prevalence was reported in surveys of laboratory mice (Table 1) ; however, this might reflect the eradication efforts adopted in most rodent vivaria against these bacteria, improvement in nutrition, or lack of continuous reinfection.
Multiplex species-specific PCR (6) was used to screen for 5 Helicobacter species (Helicobacter hepaticus, H. bilis, H. rodentium, H. typhlonius, and H. muridarum), and 401 samples were positive for at least one of these species. PCR products of the 16S rRNA from two mice each hosting only H. hepaticus, H. bilis, H. rodentium, or H. typhlonius were sequenced (primers C97 and C98; see the sequencing method below) and found to be identical with previously published GenBank sequences (accession numbers are given in Fig. 2 ). No house mouse carrying only H. muridarum in a single infection was found; consequently, the PCR product for this species could not be sequenced. The prevalence of individual Helicobacter species in mouse samples was unequal, ranging from 78% for H. rodentium to 1% for H. muridarum (Table 1) . H. rodentium was the exclusive helicobacter in 25% of 401 positive samples, whereas H. typhlonius, H. hepaticus, and H. bilis were present as a single species only in 14%, 6%, and 2% of 401 Helicobacter-positive mice, respectively. None of the Helicobacter species showed a specific pattern of spatial distribution; instead, the four most common Helicobacter species were found in mice from across the whole study area (Fig. 1) .
These results suggest that coinfection of Helicobacter species is common in wild house mouse individuals across our large study area. Among the 401 Helicobacter-positive feces samples, 279 were positive for more than one species (the median was 2 Helicobacter species per mouse). Double infections were detected in 42% of mice, single infections were detected in 30%, and coinfections with three or four Helicobacter species were detected in 21% and 6% of mice, respectively. The most frequently observed helicobacter communities in double infections were H. rodentium/H. typhlonius and H. rodentium/H. hepaticus, each reaching 15% of the total sample of 401 mice, whereas in triple infections, the highest frequency was observed for H. rodentium/H. typhlonius/H. bilis (9% of mice). This is in contrast to previous reports showing that in laboratory mice, infections with single Helicobacter species are most commonly observed (16, 20) . Further screening should confirm whether multiple infections are the prevailing pattern in wild house mice.
To identify the Helicobacter species in the remaining 24 samples with a negative species-specific PCR, products from positive genus-specific PCR (422-bp fragments of the 16S rRNA gene) (19) were sequenced using a BigDye Terminator v3.1 cycle sequencing kit and an ABI Prism 3130 genetic analyzer (Applied Biosystems, Carlsbad, CA). The sequences were edited in Seqscape v2.5 (Applied Biosystems), cut to 364 bp, aligned using the same software, and searched using BLAST in GenBank (accessed at http://blast .ncbi.nlm.nih.gov/Blast.cgi). In 13 samples, the presence of ambiguous bases suggested coinfection by two or more Helicobacter species, and these samples were excluded from further analyses. For the remaining 11 samples, a DNA-barcoding approach was Table S1 in the supplemental material. used, and their position on a neighbor-joining (NJ) tree was used to infer species (Fig. 2) . The 16S rRNA sequences were added to GenBank: three samples appeared to represent H. typhlonius and one sample H. hepaticus; four were identical to H. mastomyrinus, and two clustered with H. ganmani (all showed Ն 99% identity in BLAST searches). The species status of the Helicobacter strain from mouse sample SK1050 (accession number JX198317) was not resolved (Fig. 2) . To conclude, there is a wide spectrum of Helicobacter species in wild house mice in central Europe. The diversity of Helicobacter species found in this sample of wild mice is striking: we found representatives of 7 of 11 recognized Helicobacter species previously identified in Mus musculus (3, 21, 22) , plus one unknown species, in an area of only 6,500 km 2 . Although other studies have also reported a high prevalence of helicobacters in house mice (Table 1) , this study showed that all mice from all 91 sites were infected with at least one Helicobacter species in our study area, which included parts of two countries (Germany and Czech Republic) and two house mouse subspecies. Collectively, the results indicate that Helicobacter spp. could be common bacteria that infect the majority of wild house mice, but this needs to be confirmed in other geographical areas. The high prevalence of H. bilis, H. hepaticus, and H. typhlonius (Table 1) is intriguing given their ability to cause disease (including inflammatory bowel disease) in some strains of laboratory mice (8, 22) , and these species should be studied further for their impact on house mouse ecology. Given that several of the Helicobacter species detected in these samples can also infect humans (H. bilis and H hepaticus) (6, 15, 22) and domestic animals such as dogs (H. bilis) (22) , and as house mice are mainly commensal (living in human habitations), further studies should be carefully conducted to confirm whether wild house mice could serve as a vector of Helicobacter infection (15) . Furthermore, since several species harbored by wild mice are known to confound or potentially confound studies in laboratory mice by causing disease and are difficult to eradicate (e.g., H. hepaticus, H. bilis, H. bilis/H. rodentium, and H. typhlonius [22] ), care should be taken to avoid contact of breeding colonies of house mice with their wild counterparts. Our results also indicate that wild mice could be source of novel intestinal helicobacters, and we urge further screening of wild populations.
Nucleotide sequence accession numbers. The 16S rRNA sequences determined here were added to GenBank: H. typhlonius (three samples), accession number JX198315; H. hepaticus (one sample), accession number JX198316; H. mastomyrinus (four samples), accession number JX198314; and H. ganmani (two samples), accession number JX198318. The species status of the Helicobacter strain from mouse sample SK1050 (accession number JX198317) was not resolved.
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